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 1 Problem Field
This project report investigates the possibilities and potentials of utilizing manure and dung for 
biogas production on household level in the Sofala province (Sofala) in Mozambique. To start with 
the problems that household biogas will help to solve as well as the context of these problems will 
be presented.
 1.1 Mozambique - Poverty and Energy
Mozambique is one of the poorest and least developed countries in the world. In the UN 
development index in 2011 Mozambique occupied the spot of number 184 out of 187 countries 
(hdr.undp.org, a). To belong to the group of the world's poorest countries also imply that 75% of the 
population of 20.5 mil. earn less than two USD per day (DANIDA et. al, 2009).
The population's access to energy is a problem which both affects the health of the population, the 
country's ability to conserve forest areas and the country's ability of fighting poverty. Only a small 
part of the population has access to electricity, primarily in and around the capital and other urban 
areas. 90% of the Mozambicans are covering their energy needs from biomass. This happens 
primarily by burning wood, charcoal and dung in traditional stoves when cooking. Using these 
biomass sources leads to indoor pollution. The indoor pollution further causes respiratory infections 
and other diseases such as asthma, chronic bronchitis and lung cancer. The use of wood fuels may 
also lead to deforestation, increased desertification and erosion if these factors are not taken into 
account when the wood is harvested. The collection of fire wood also takes its toll on household 
level in the form of time which could be utilized for other purposes. (DANIDA et al, 2009)
 1.2 ADEL Sofala, SustainableEnergy and Sofala
Sofala is a province in the central Mozambique with 1.6 mil. inhabitants. The province covers an 
area of 68.000 km2. The majority of the inhabitants maintain their livelihoods by farming or fishing. 
Here  the organization SustainableEnergy (OVE), a Danish NGO, has been active since 2004. OVE 
is cooperating with the local NGO ADEL-Sofala (ADEL) on creating solutions and improvements 
related to renewable energy. Results from this work has led to the replanting of mangrove forest, 
production of stoves with a lower energy consumption and training in energy efficient production of 
charcoal. (DANIDA et al, 2009)
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One of the ADEL's and OVE's main strategies and activities has been to create Local Energy and 
Development Centers (CLEDs). The objective of these centers is to reach the local population 
locally in order to provide and inform about clean and renewable energy. (DANIDA & OVE, 2004) 
 1.3 Local Energy Planning and Biogas
At the moment OVE and ADEL are working with local energy planning (LEP) in various districts 
in Sofala. Here a forecasting methodology is used which means that a baseline scenario is 
calculated from the expected development within the energy use (OVE & AT, 2007). Afterward the 
LEPs suggests how different actions can change the environmental and economic development that 
the  baseline scenario indicates (OVE & AT, 2007).
One of the communities where LEP is being implemented is Bairro 4 in Nhamatanda City (Vila 
Cede de Nhamatanda), see Illustration 1 for the location of Nhamatanda City. Bairro 4 is an 
administrative urban sub district of Nhamatanda City. Bairro 4 has approximately a population of 
8,400 inhabitants divided on 1,200 households (Kannasoot, 2011). According to Kannasoot then 
interview surveys conducted by ADEL have established that 17% of the households have a 
husbandry of cattle or pigs at a sufficient size to benefit from household biogas digester. There is 
therefore an interest in investigating the potential of using household biogas in Nhamatanda 
(Kannasoot, 2011).
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Illustration 1: Left: Map of Mozambique with Sofala marked.
Right: The location of Nhamatanda City in relation to Beira (the provincial capital).
(source: maps.google.com, a - illustrated)
As the idea of the initial LEPs is to replicate the experience, it is logical to investigate the potential 
of household biogas in all of Sofala.
 1.4 Household Biogas
Household biogas is the concept of using animal manure and dung as well as human excreta on 
household level to produce and use biogas and bio-slurry for illumination, cooking and fertilizer 
(Van Nes et al, 2009). 
On Illustration 1 the resource flow in household biogas can be seen. Dung, manure and human 
excreta is fed to the biogas digester that through fermentation produces biogas and bio-slurry to 
fertilize the kitchen garden and fields of the farmer.
Illustration 1: Typical household biogas digester setup. (Source: UN APCAEM, 2007, modified)
Biogas is naturally produced when organic material is decomposed in anaerobic environments. The 
gas consists primarily of CO2 and CH4. Methane is a combustible gas which therefore can be used 
for heating, lighting, electricity production and cooking.  (ISAT & GTZ, 1999a)
By producing biogas the household avoids spending money or time on collecting or buying wood 
fuels for cooking. This may lead to a better economy for the individual household, but it also means 
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that the pressure on forest areas can be reduced. The bio-slurry from the biogas production is also 
useful as the crops easier can uptake the nutrients than if the animal dung was to be spread untreated 
on the fields. That way the biogas production also gives the households the possibility of increasing 
their yields and decreasing their expenses on fertilizers. (ISAT & GTZ, 1999c)
The use of biogas is also connected to improvements regarding health and hygiene. Hygiene wise 
bio-slurry for instance does not attract flies as dung and manure would, thereby reducing the vectors 
for disease transmission (ISAT & GTZ, 1999c). Furthermore the smoke produced from biogas does 
not pollute with the same amount of smoke and soot as fire wood or charcoal (ISAT & GTZ, 
1999c).  
The household biogas also holds the potential of limiting green house gas emissions. Partly because 
it limits the pressure on the forested areas that will function as CO2 sinks. But also because the 
changed handling of dung holds the potential of limiting emissions of CH4 and N2O - two other very 
potent green house gases. (ISAT & GTZ, 1999c)
Based on the above it can be said that household biogas is a technology that can help to reduce the 
environmental and health related impacts that the use of wood fuels causes. Furthermore household 
biogas is also attributed with the potential of job creation and increased gender equality (Lam & 
Heegde, 2010).
However small-scale biogas production is not without problems. The households must produce 
sufficient organic matter for using a stove two hours per day (Lam & Heegde, 2010). Knowledge 
about the construction, maintenance and operation of biogas plants is also necessary to be 
introduced or exist locally. Finally the operation of a biogas digester also means that the dung needs 
to be collected, handled and mixed with water which may be new practices that need to be 
integrated in the household.
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 1.5 Problem Definition
The issues regarding household biogas and the needs of ADEL and OVE have led to the following 
problem definition:
– How can ADEL work with household biogas to decrease the negative environmental and 
health related impacts of the wood fuel consumption on a local scale in Sofala as well as on 
a national scale?
 1.5.1 Elaborating comments
The stakeholder mentioned in the problem definition is ADEL. However the target group of this 
project is both ADEL and OVE. The end product of this project report is intended to serve as 
information about the current status and potential related to household biogas in Mozambique and 
the Sofala province and at the same time give recommendations on how ADEL should approach this 
potential.
As ADEL is the stakeholder that is supposed to react on the recommendations of this project report. 
Then it is also relevant to analyze how ADEL interacts with other stakeholders related to household 
biogas and agriculture to see how these networks can work together.
 1.5.2 Delimitations
The project report has delimited itself from investigating certain areas related to biogas.
The first one is the Clean Development Mechanism (CDM) in relation to the potential that biogas 
has when it comes to mitigation of green house gas emissions. No household biogas programs have 
gone through the full carbon project cycle yet (Lam & Heegde, 2010 ). Therefore the consideration 
is that it will be premature to investigate this issue for a study of a biogas project that only 
investigates the potentials of biogas.
Larger biogas systems for electricity production or community based biogas plants are a possibility 
for using manure for biogas production too. Nevertheless the focus is on the household potential. 
The potential for larger biogas systems will therefore not be investigated but the project report will 
touch upon possible synergi effect between household biogas and larger biogas plants.
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 2 Methodology
In the following chapter the methodology that has be used for the project report's investigations will 
be presented. Firstly this includes an explanation of the principles behind the analysis of the 
gathered information. Secondly this includes a presentation of how data has been gathered and used 
in the project report.
 2.1 Analytical Foundation
The focus of the analysis in this project report is to determine how different limitations and 
opportunities can be used by ADEL to work with household biogas and thereby mitigate 
environmental and health impacts from wood fuel. Several approaches have been taken as it can be 
seen on Illustration 2.
The first approach has been to identify the amount and type of households in Sofala that may 
benefit from household biogas. Knowing these barriers and opportunities for the households 
adaptation has been identified by investigating the households' energy, agriculture and husbandry 
practices further.
The second approach has been to investigate the stakeholder relations that are relevant for 
household biogas, energy and agriculture. This includes an investigation into the status and 
knowledge about biogas in Mozambique in order to identify the stakeholders in Mozambique that 
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Illustration 2: The design of the project report's analysis. (Source: Author)
already are working with biogas. Further the various local stakeholders (Sofala) and their relations 
related to agriculture and energy have been investigated to shed light upon how these can affect 
household biogas projects by their activities, interests and capacities.
The stakeholders relations and capacities combined with the knowledge about the potentials of 
household biogas in Sofala have been used to identify the barriers, opportunities and the 
possibilities that have been used for the project report's analysis. Based on this the project report has 
been able to formulate its recommendations.
 2.2 The Investigations
The following sections present the activities in each of the different investigations that have been 
used to create the background for the analysis.
 2.2.1 Household Biogas
To be able to analyze and investigate the potential and possibilties of household biogas it is 
necessary to know the general complications and benefits that may come from the utilization and 
implementation of household biogas. The project report has therefore investigated the technical, 
structural, environmental and economical implications that relate to household biogas and its 
dissemination.
 2.2.2 The Potential
As mentioned in the problem field not all households have sufficient resources to be able to benefit 
from a small scale biogas plant. Further different households will be able to benefit differently from 
biogas depending on their agricultural and husbandry practices as well as their energy consumption. 
The project report has therefore identified the groups of households that at the moment may benefits 
from household biogas. Further which types of households that in the future may benefit from 
household biogas have also been investigated.
Further, the structure of household's husbandry in relation to geography, husbandry sizes and energy 
costs have also been part of this investigation. This in order to identify areas where household 
biogas will be easier to implement. That way areas that can be of focus for implementation and 
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dissemination of biogas can be identified.
Economic impacts, costs and complications from implementing a household biogas plant is another 
aspect that has been relevant to investigate. As this plays a role to the individual household's 
possibilities of utilizing biogas but also on how ADEL can integrate biogas into its activities.
 2.2.2.1 Nhamatanda – Case Study
ADEL's initial idea of working with biogas comes from the LEP planning in Nhamatanda City 
where the local households' energy consumption and resource potentials were mapped through a 
sample survey. As an elevated number of household in the survey had pigs, goats and cattle this lead 
the thoughts on to the potential of using the manure from these animals to produce biogas and 
thereby mitigate the use of charcoal and firewood.
A part of the investigation in this project report has therefore been focused on the Nhamatanda LEP 
as well as the agricultural and husbandry practices in Nhamatanda City and the area close to 
Nhamatanda. In that way the Nhamatanda Province has served as a case study. It shall therefore be 
noted that this means that the knowledge gathered from this investigation must be taken with the 
reservation that the agricultural and husbandry practices in this district not necessarily are 
comparable to the rest of Sofala.
The study of Nhamatanda has served to shed light on the general barriers to the implementation of 
household biogas in Sofala. By studying the activities related to the LEP it has also given the 
project report insight into ADEL's thoughts and knowledge about biogas. 
 2.2.3 Biogas in Mozambique
The current knowledge and capacities regarding biogas in Mozambique have also been important to 
investigate in this project report. The motive for this have been to identify stakeholders that ADEL 
may cooperate with and which capacities that ADEL may be able to draw on. But this investigation 
has also served to find out in which national contexts that household biogas in Sofala may work 
within.
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 2.2.4 Stakeholders
Different international, national and local stakeholders have capacities and interest that can affect 
the implementation of biogas and the way ADEL may work with biogas. These stakeholders are 
both represented in the public administration, the NGOs, the private sector and education 
institutions. In order to clarify how ADEL can use the different networks' capacities and interests to 
work with biogas the project report has identified the main stakeholders that relate to biogas, energy 
and agriculture and their interests and capacities.
 2.3 Data Gathering and Use
The following section will present the gathering and use of the empirical data in the project report.
Overall the project report is based on both data gathered from different sources in the form of 
literature, statistics and direct research in the form of interviews and workshops. Most of the 
different sources that have been used to shed light on various aspects of the different areas the 
project report has investigated. In the following sections each of the different investigative 
approaches in the project report will be presented. This to elaborate on how data for the 
investigation have been gathered and used.
 2.3.1 Households
Selected households with animal husbandry have both been interviewed and visited in order to 
create knowledge about their practices regarding agricultural and husbandry practices. The 
household's current energy consumption has also been touched upon in these interviews.
Firstly different farmers from Nhamatanda City were invited to a workshop in ADEL's CLED in 
Nhamatanda City. Here the concept of biogas was firstly presented to the attending farmers that 
followed up with questions. Secondly the issues regarding the use of manure, access to water and 
how the animals were kept were discussed between the farmers and the representatives from ADEL 
(the author included). The workshop ended with giving each participant the exercise of drawing his/ 
her farm and how the farm ideally should look. The aim of this was to get an idea of how the 
farmers got inspired to develop their household and farm. After the workshop 3 of the farms were 
visited. In the workshop three farmers, one pastor representing his employer and one representative 
from a farmer association showed up. The requirements for the selection of the farmers, that were 
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invited for the workshop, was that they had more than four heads of cattle or seven pigs.
Table 1: Workshop participants, 15th of November
Participants Comments
Mendes Correia Jafar Representative for a cattle owner association.
Luis Mica Juloi Small-scale pig farmer.
Samuel Francisco Farm owner, lived in the city and had his cattle watched by 
pastors outside the city.
Mariasita Jone Cattle farmer who lived in the city, the family had their cattle 
corral in connection with the houses.
Bem Vais Pastor representing his employer.
Afterward two more interviews where held on the other farms that were located outside Nhamtanda. 
The requirements to these farms were that they should both have cattle or pigs and some amount of 
agriculture, further their household should be in connection with the place they kept their animals. 
The motive for this was that two of the farmers in the workshop had hired pastors to take care of 
their animals while they lived in Nhamatanda City – this would mean they would have logistic 
problems of utilizing the manure for biogas production. An other issue was that only one of the 
farmers in the workshop had animals and agriculture, those without would not be able to benefit 
from the bio-slurry production in their kitchen garden or fields.
Qualitative interviews on the farms combined with the visits were decided to be the approach 
forward. This to get an insight into the farms' activities, energy use and use of manure and 
fertilizers. The focus was on making the interviewees tell about their farm and this way discover 
unknown issues. But also to be able to get further elaboration on specific issues of interest. See also 
Annex 2 Checklist for Interview and Farm Visit, page 79.
This lead to a field trip outside of Nhamatanda Cityu in the search of farms that fit into these 
requirements – two farms were encountered. The owners were interviewed with the assistance of 
Sazia Ismael and Francisco Vicente Tomo from ADEL.
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Table 2: Farm Visit Interviewees, 18th of November
Interviewee Comments
Armindo Zacarias Chingoma Older farmer living some kilometers outside Nhamatanda City. 
Besides cattle he also had chickens and sheep.
Jorge Dezanove Chaves Older farmer living further away from Nhamatanda City, 
besides cattle he also had pigs, goats and chickens.
 2.3.1.1 ADEL and OVE
In order to clarify the intentions, interests, resources and network of ADEL and OVE the project 
report has gathered information through interviews and meetings. But also through loose 
conversations during the authors stay in Mozambique. The following is a list of the formal 
information gatherings as well as informal informees.
Table 3: Activities and Data Gathering ADEL and OVE
Source Function Type Dates
Jakob Jespersen International Project Coordinator, 
OVE
Meetings 28/9/11
17/10/11
 20/12/11
Mas Kannasoot LEP advisor Meeting 17/10/11
Hamid Taybo Managing Director, ADEL Interview 16-11-11
Francisco Vicente Tomo CLED leader at Nhamatanda City, 
ADEL
Interview 15-11-11
Bert Smit Savings group consultant, ADEL, 
GIZ
Interview 25-11-11
Rodolfo Assane ADEL Skype
Personal com-
munications
Various
 2.3.1.2 Agriculture and Husbandry in Sofala
To gather qualitative knowledge about the agriculture and husbandry in Sofala interviews, visits to 
households and a workshop have been used. In order to shed light on the potential for biogas from a 
quantitative angle statistical data has been gathered from the authorities. Reports that touch upon 
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the future of the agriculture and economy in Mozambique has also be included.
Where the statistical material has not been sufficient the project report has tried to supplement with 
information from the representatives from the public administration, see Table 5.
Table 4: Agriculture and Husbandry Public Administration Interviews
Interviewee Function Organization Date
Carlos Biquiza Director of Animal 
Production
Provincial Livestock Services 11/11/11
14/11/11
23/11/11
Barnete C. Gimo Monitoring and evaluation Provincial Services of Agriculture 23-11-11
Caetano Benedito Director of Agriculture Nhamatanda Province 18-11-11
Further a stakeholder workshop was also included in this part of the investigation, see  2.3.3 
Stakeholders, page 17.
 2.3.2 Household Biogas and Biogas in Mozambique
Overall the knowledge about household biogas and its various aspects (society, economy, resources, 
technology) has been created through using articles and reports on the use of household biogas. 
Furthermore this knowledge has been supplemented through the biogas related interviews, see 
Table 5.
Table 5: Household Biogas Interviews
Interviewee Function Type Date
Niels Ansø Biogas consultant Telephone interview 17-11-11
Brendon Evans Farm owner, Chimoio Interview 21-11-11
Paul Hassing Senior Advisor, Biogas 
Africa
Telephone interview, e-mail 
correspondence
17-11-11
The current knowledge and networks that relate to biogas in Mozambique have been investigated 
primarily by Internet searching on biogas in Mozambique and its various provinces. This has been 
done both in English and Portuguese. Following this the different sources that the searches yielded 
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have been contacted by phone, e-mail and Skype depending on the contact information available. 
When possible interviews and correspondences have been conducted, see  Table 5.
 2.3.3 Stakeholders
The investigations into ADEL's and OVE's work have been the initial approach to mapping and 
creating knowledge about the various stakeholders that relate to energy, agriculture and biogas. 
Further the investigation into the agriculture and husbandry practices in Sofala as well as the 
investigation into biogas use in Mozambique have served to build on this.
A stakeholder workshop was also held where different stakeholders were invited (academia, civil 
society and public administratoin). Here the household biogas and the preliminary findings from the 
project's investigation were presented. After this and open discussion was initiated. The turn out at 
the workshop was somewhat limited though.
Table 6: Workshop Participants, 28th of November
Participant Organization Function
Barnete C. Gimo Provincial Services of Agriculture Monitoring and evaluation
Jorge D. Arnaça Provincial Direction of Minerals and 
Energy
Technical Assistent
Jaime M. J. Gomes District Services of Economic Activities, 
Nhamatanda
Forest Technician
Andre J. J. S. Pits District Services of Economic Activities, 
Nhamatanda
Head of the Division of 
Agriculture 
Sara J. Chiqueremo Provincial Direction  of Environmental 
Coordination and Activities
Environmental Technician
 2.3.4 Economy
The price of constructing and maintaining a biogas digester as well as the benefits cannot be 
reduced to a mere number as each plant is an unique construction integrated into different 
circumstances every time. However the project report attempts to shed light on the different 
parameters that affect the overall economy of a biogas plant. By comparing the general economic 
costs and benefits of household biogas from the farmers perspective.
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 2.3.4.1 Exchange Rates
In the project report values are both represented in USD and meticais (mts). On the 6th of January 
2012 the National Bank of Mozambique reported the following rates - buying USD at the rate of 
27.04 mts and selling USD at the rate of 27.24 mts (bancomoz.com, a). In this report the exchange 
rate is calculated at 27.00 mts for the sake of simplicity.
 2.4 Reflections
In hindsight a visit to pig farmers and the administration in the Gorongosa District would also have 
helped to shed more light on the practices regarding pig farming in that districts. This would have 
given useful information regarding the potential of using the pigs for household biogas production. 
Likewise a small percentage of the cattle 1800 heads in Sofala is used for milk production, see 
 4.3.2 Cattle Farming, page 31. The milk production most likely have a distinct production and 
manure handling than the production of meat cattle. More knowledge about these farms could have 
added more details to the project and improved its recommendations.
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 3 Household Biogas
In the following chapter the biogas and household biogas technology will be presented. The aim of 
this is to present the limitations and issues that are related to the implementation of biogas on 
household level and the dissemination of the technology on a larger scale. Firstly the chapter 
presents the basics of biogas. Following the chapter gives a presentation of the different biogas 
digester options that exist on household level and their weaknesses and strengths.
 3.1 Production of Biogas and Bio-Slurry
When organic material decomposes under anaerobic conditions then it is partly done by methane 
producing bacterias that are able to produce energy from the organic material without oxygen (Lam 
& Heegde, 2010). This is a natural process that also happens in the nature, for instance on the 
bottom of lakes (Jørgensen, 2008).
Biogas is produced in digesters – airtight tanks where biomass (organic material) and water is 
mixed. The anaerobic fermentation is done by different strains of bacterias that each uses the 
previous strains degradation of the organic material to feed on and thereby degrade further. The 
ending final product of this process is biogas and bio-slurry. Only 30-60% of the organic material is 
converted to methane and CO2 as the bacteria lack the capacity to break down lignin, some of the 
cellulose and hemicellulose parts can also be protected by the lignin. (Jørgensen, 2008)
 3.1.1 Biogas Energy and Use
Depending on the conditions and the composition of the organic material the biogas consists of 40-
70% of CH4, 30-60% CO2 and up to 10 % of other gases including H2, N2 and H2S. The CH4 is the 
main energy containing gas which can be used for cooking, light, heat and electricity production. 
The energy per m3 is in the range of 23 MJ, this however depends on the mix of the different gasses. 
(Lam & Heegde, 2010)
 3.1.2 The Bio-Slurry
What is left in the mix of biomass and water from the digestion is the bio-slurry. Manure that is 
digested has its nutritional capacities increased. This is because the plants are better able to obtain 
the ammonium from the bio-slurry as it is not locked in the organic material (Jørgensen, 2008).
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The bio-slurry can be used to fertilize fields and kitchen gardens and thereby increase crop yields. 
But it can also be used as feed in aquaculture and livestock farming where it can save costs and 
increase yields as well. (Lam & Heegde, 2010)
 3.2 Household Biogas Digesters
The biogas digesters is the structure where the production and storage of biogas is taking place. The 
function of the digester is to create an air and water tight environment where the biogas production 
and storage can take place (Lam & Heegde, 2010). In the following section the common household 
biogas digester types will be presented together with the factors that influence the choice of an 
appropriate digester type for a given situation.
 3.2.1 Functioning and requirements
As already mentioned ( 1.4 Household Biogas, page 7) household biogas plants are made to 
produce biogas from manure and human excreta at household level.
 3.2.1.1 Functioning
Generally a household biogas plant functions in the way that water and the manure and human 
excreta (undigested slurry) is mixed and fed to the digester through an inlet. When the undigested 
slurry is added to the digester the water level in the digester will rise and digested slurry (bio-slurry) 
will flow out through the outlet. The gas is stored in top of the digester where it automatically 
pressurized by the biogas production1. It is then connected through pipes to the kitchen stove or 
other gas appliances such as gas lamps. (ISAT & GTZ, 1999b)
As mentioned the slurry is moving from inlet to outlet by flowing. This means that the manure have 
to be mixed with water so it is homogenous and able to flow. For simple household biogas plants 
only feces and urine from pigs, cattle and poultry are recommended. (Lam & Heegde, 2010)
A cross view of the different parts of a biogas plant can be seen on Illustration 3, page 21. 
1 Some of the plastic tube digesters use separate balloons to store the gas the pressure is then created by an elastic 
dragged around the digester (Anh, 2010). Other of the tube digesters use stones that are put on top of the digester 
(ISAT & GTZ, 1999b).
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Illustration 3: General overview of a household biogas plant.
(Author illustration and graphic input: Van Nes et al, 2009)
Scum production and sedimentation are issues that may halt the biogas production. Scum is a hard 
top layer that sometimes are created within the digester. Chicken droppings have been known to be 
a problem for scum formation too. Feces collected from farm yards and non-paved floors are a 
possible way of creating sedimentation in the biogas digester – soil mixed with the dung 
sedimentates on the bottom and decreases the volume of the digester and thereby also the biogas 
production. (Lam & Heegde, 2010)
 3.2.1.2 Economy
On household level one of the motives for installing a biogas digester is the economic benefits from 
biogas. The logical conclusion from this is that the cost of construction and maintenance must have 
a reasonable relation with the economic benefits from the biogas production. Further constructing a 
biogas digester is not without economic costs.
In other words the household must have the possibility of financing the construction of a biogas 
digester. But at the same time the construction and maintenance of the biogas digester should be 
able to renumerate itself when it is put in relation to the alternatives – collecting wood, buying 
charcoal as well as other energy options such as LPG or kerosene.
Another economical factor is the potential of increased crop yield due to the use of bio-slurry, this 
may generate an extra income for the farmer (Lam & Heegde, 2010). Therefore it is also 
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recommendable that organic fertilizer is used (Lam & Heegde, 2010). Bio-slurry can also be used to 
lower the need for chemical fertilizer and as such decrease household's expenses as well (Nijaguna, 
2002). 
Household biogas also carries value to the farmer's family in the form of livelihood improvements 
such as lowering the work burden and a cleaner indoor environment. However to tranform this into 
monetary terms is complicated. (Werner et al, 1989)
 3.2.1.3 Resources
A biogas digester needs both water and biomass in order to produce biogas.
Regarding household biogas the recommendation is a minimum production of 1 m3 biogas. This 
will provide the user with enough gas for 2.5 – 3.5 stove hours per day. To produce sufficient 
biogas, the household's husbandry must therefore also produce and collect enough biomass in the 
form of dung or human excreta to produce this amount of biogas. (Lam & Heegde, 2010) 
According to Annex  1.1 Minimum Dung Supply (page 69) then to produce this 1  m3  biogas per 
day then approximately 25 kg of cattle dung or 16.7 kg of pig dung have to available at the farm 
every day. The amount is less if human excreta can be included in the biogas production- this 
depends if it is socially acceptable (Lam & Heegde, 2010).
About 7 pigs are necessary at a given farm to produce 16.7 kg pig dung (based on a pig weight of 
52.5 kg and) if the pigsty is cement floored. For 25 kg of cattle dung it is 10 heads of cattle due to 
the cattle farming practices in Sofala2. See also Annex  1.2 Minimum Amount of Animals for a
Biogas Plant, page 70. 
Water is the other necessary resource for biogas production. Water should be available within 1 km 
walking distance of the biogas digester during the whole year – also within the dry season (Lam & 
Heegde, 2010). The recommendation is that cattle dung and water is mixed at a 1 – 1 water to dung 
ration, and that pig dung is mixed at a 2 – 1 water to dung ration (Lam & Heegde, 2010). This 
means that a digester, that receives 25 kg cattle dung, should mix the dung with 25 liters of water. 
Likewise a  digester that receives 16.7 kg of pig dung should mix the dung with 33.4 liters of water. 
2 See  4.3.2.2 Practice, page 33 for more details on cattle farming practices.
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 3.2.1.4 Other issues
The biogas production is also temperature dependent which means that the local climate is an issue, 
the colder the climate is the larger the digester has to be. When the temperature in the digester is 
below 15 °C the biogas production comes to a stand still. The recommendation for dissemination 
programs is that the daily ambient temperature is above 20 °C throughout the year. (Lam & Heegde, 
2010)
In the context of dissemination programs of household biogas women should also have a say in 
household decisions. The motive for this is that women will have most of the benefits from 
household biogas – such as less smoke when cooking, less time spent at cleaning pots and pans due 
to less soot and less time spent on collecting wood. (Lam & Heegde, 2010)
Durability is an other issue regarding the implementation of biogas. Maintenance skills and 
materials may not always be at hand. This means that a more expensive but more durable biogas 
digester may be the most attractive option to secure that it will keep being maintained and working 
(Lam & Heegde, 2010).
 3.3 Digester Types
The following section presents the common types of household biogas digesters and how they differ 
from eachother.
 3.3.1 Plastic Tube
The plastic tube biogas digester is one of the simplest biogas plants available. A long trench has to 
be dug and a plastic tube is fitted into the trench. The plastic tube is fitted in both ends with an inlet 
and an outlet. The plastic tube is a low cost biogas digester that practically can be installed by the 
farmers themselves (Lam et al, 2010). However the plastic tube digester are easily damaged by 
children, animals and nature (Lam & Heegde, 2010). Different estimates of lifespan for this digester 
type is available – Anh (2010) reports the average to be three years and Brown (2004) a life span of 
up to seven years. The stability of the gas production due to lower temperatures during winter time 
is also known to be an issue for this digester type (Anh, 2010). It has been observed that there are 
different variants of the plastic tube digester. In the digester presented in Brown (2004) the storage 
of biogas happens in the digester, but in Anh (2010) the biogas storage is in a separate balloon – the 
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materials for the plastic tube vary as well.
In Tanzania the cost of installation of a plastic tube biogas digester has been reported to be in the 
range of 100 USD (2700 mts) (SGP, 2003). In Vietnam plastic tube digester can be installed for 143 
– 171 USD (3861 – 4617 mts) depending on the location and the specific circumstances for pit 
excavation, salaries etc (Anh, 2010). In the calculations that can be found in Annex  1  Biogas Plant
Calculations (page 69) the estimated price that is used is 180 USD (4860 mts), a small premium has 
been added in order of elaborating a conservative estimation.
Illustration 4: Left: A Vietnamese plastic tube digester. (Source: Lam et al, 2010)
Right: Vietnamese farmer digging the pit for a plastic tube digester. (Source: Lam et al, 2010)
 3.3.2 Solid Dome
The solid dome biogas digester comes in various models depending on the materials that are 
available and the price of construction. Basically the digester is an underground construction made 
of cement and bricks or stones – models constructed by prefabricated pieces also exist. It consists of 
an inlet, the digester and an outlet. The digester tank also works as the gas storage. The plant is 
known for having a long life span that exceeds 20 years. The solid dome biogas plants have been 
constructed since 1936 and used in the dissemination of household biogas in China, India and 
Nepal. In India alone more than 3 million plants have been constructed. (Lam & Heegde, 2010)
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Illustration 5: Left, view of the cross section of a solid dome digester (source: Van Nes et al, 2009).
Right, the construction of a solid dome digester (source: Anh, 2010).
The construction of solid dome digesters has roughly been calculated based on data collected during 
the research, see Annex  1.4 Digester Construction price, page 74. The price range for the 
construction is 7,372 – 24,170 mts depending on the quality of materials and the size of the digester, 
see Illustration 3.
Illustration 6: Rough estimations on construction prizes for solid dome digesters in
Nhamatanda City. (Source: Annex  1.4 Digester Construction price, page 74)
 3.4 Other Digester Types
The plastic tube and solid dome digesters are among the most common digester types but other 
digester types are also in use, such as the floating drum digester where the gas is stored in a floating 
drum on top of the digester. The drum will raise when the gas level raises, this way the drum level 
works as an indicator of the amount of gas the household has available. This floating drum digester 
however uses metal parts which eventually will corrode if they are not maintained. (Lam & Heegde, 
2010)
The solid dome digester also have a variant that is constructed in ferrocement, which means a 
skeleton of steel is created and afterward plastered with cement (Gendrano, 2010). Ready made 
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7371.88 8514.25 9656.63 10799.00 15368.50 19938.00
10750.00 11970.00 13190.00 14410.00 19290.00 24170.00
Digester Size 2.5 m3 3.0 m3 3.5 m3 4.0 m3 6.0 m3 8.0 m3
Price min (mts)
Price max. (mts)
constructions of solid domes in composite materials are also available (Anh, 2010).
Illustration 7: Left: floating drum (source: author). Middle: Composite solid dome digester (source:  
Anh, 2010). Right: Plastering of a ferrocement solid dome digester (source: Gendrano, 2010).
 3.5 Chapter Summary
The adaptability of biogas in the regional scale as well as household scale depends on a number of 
parameters.
Overall the biogas production is temperature dependent which means that the temperature in the 
digester which is usually kept underground must be above 15 °C all year round. The 
recommendation is that the daily ambient temperature is above 20 °C during the entire year.
In order to substitute wood fuels for cooking then the biogas digester must at least produce 1 m3 
biogas every day. In order to do this at least 7 pigs or 10 heads of cattle must be present on a given 
farm to produce enough manure. If human excreta is fed to the biogas digester then less animals 
will be necessary. However the use of human excreta may not be socially acceptable for biogas 
production and fertilizing.
Water is another resource that must be available close to the farm (1 km or less) during the whole 
year as the dung must be mixed with water in order for the biogas digester to operate.
Economy is an issue as biogas digesters are an economic investment. The farmers should therefore 
have the possibility of financing the construction of a biogas digester. But the economic benefits 
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from the fuel substitution should also be reasonable compared to the costs of financing and 
maintaining the biogas digester.
Finally women should have a say in household decisions as they are likely to be the group of 
persons in the household that will benefit the most from household biogas.
Technology wise the two dominant technologies that are available are the plastic tube and solid 
dome digesters. These come in various formats so it is possible to adapt these to the local 
circumstances. The main difference between the two are that the plastic tube is a low cost biogas 
digester that have a short life span – 7 years or less. The solid dome in contrary carries a higher 
price of construction but on the other hand has a longer life span of more than 20 years.
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 4 Sofala: Climate, Agriculture and Husbandry
The possibilities and potentials of utilizing and disseminating household biogas depends on the 
climatology. But also the amount of household that have the necessary resources available - this 
being dung, manure and water. Further the use of organic and chemical fertilizers are also relevant. 
This chapter will elaborate on how these different factors affect the adaptability of household biogas 
in Sofala.
 4.1 Climate
Basically all of Sofala is located in the climatic area called equatorial desert (AW) on the Köppen-
Gieger classification scheme, see Illustration 8. The AW zone is characterized by having a dry 
winter and the monthly average minimum temperature is 18 °C or more (Kottek et al, 2006). On 
Illustration 8 (right) it can also be seen that the period June to November in Sofala is dry with an 
average rainfall that is less than 50 mm per month. This should compared to the relatively high 
temperaturs and the rainfall of  almost 300 mm in February. It can also be seen on Illustration 8 that 
the average minimum temperature registered in the period 1971-2000 is 16 °C in July, contrasting 
the Kôppen-Geiger classification slightly.
Illustration 8:Left: Köppen-Geiger climate classification map of the southern part of Africa.  
(Source: Rubel & Kottek, 2010, illustrated)
Right: Average min and max temperatures and precipitation in Beira, 1971-2000. (Source:  
inam.goz.mz, a, translated).
This may mean that not all years are ideal for household biogas as the daily ambient temperature 
can be expected to fall below 20 °C some days during cold years. Nevertheless the estimation is that 
climatic conditions are suitable for household biogas. Soil temperature is not fluctuating much 
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throughout the year (Werner et al, 1989). So dimensioning of the digesters should be able to solve 
eventual issues. Having access to water within an acceptable distance in the dry periods may also be 
an issue as rivers and lakes run dry.
 4.2 Biomass Resources on Household Level
The main biomass resources that can be integrated into a household biogas digester is manure and 
dung from poultry, cattle and pigs, furthermore human excreta may also be a possibility, see  3.2.1.1
Functioning, page 20.
The survey in connection with the LEP in Nhamatanda City found basis for biogas digester based 
on dung from manure and dung from cattle and pigs, see also  1.3 Local Energy Planning and
Biogas, page 6. Furthermore chicken droppings are known to cause problems for the functioning of 
a household biogas digester, see  3.2.1.1 Functioning, page 20. Besides this the investigations for 
this project report have not come across indications of the existence of a larger number of chicken 
farms that have a size that would be sufficient3 for biogas production. Because of this the project 
report has chosen to focus on the potential from pigs and cattle.
Regarding the use of human excreta it has not been found that the local population would reject the 
use of this for biogas production. In the workshop in Nhamatanda City the issue was discussed and 
the participants agreed that it would not be a problem, though they had to discuss the issue. 
Nevertheless the project report is inconclusive as to whether human excreta is socially acceptable 
among the population because the amount of data gathered related to this issue is limited. Besides 
the reactions related to biogas and bio-slurry from human excreta may be different when the 
farmers are faced with using the bio-slurry as fertilizer. 
 4.3 Agriculture and Husbandry
The province of Sofala has an estimated population of 1.6 mil. of inhabitants and covers an area of 
68,000 km2 (DANIDA et al, 2009). In the province there exists approximate 271,249 agricultural 
explorations that sustain some kind of agriculture on the 473,548 hectares of the cultivated area of 
Sofala (INE, 2011). In other words agriculture plays a role in the livelihoods of a large part of the 
local population. However the agriculture practices in Sofala covers a wide spectra from the small 
scale farm holders that covers some of their basic needs from a small field to the enterprise level 
3 667 kg live weight of poultry farmed indoor, see Annex  1.2 Minimum Amount of Animals for a Biogas Plant, page 
70.
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cattle farm with up to 3.000 heads of cattle.
The statistical data indicates that by far the wast majority of the agriculture is practiced by small 
holders which have a limited husbandry and cultivated areas of a limited size – down to the size of a 
kitchen garden. An example of this is that 269,576 (99 %) of the explorations in Sofala are defined 
as small explorations4 (INE, 2011).  These small farm holders cultivate a total of 458,150 ha (INE, 
2011).  This means that the average small holder farm size is 1.7 ha.
Overall the practices may be described as basic. Less than 1% of the explorations use pesticides 
(1,718) and chemical fertilizers (1,629)  (INE, 2011). Further the use of tractors (6,399) and plows 
(2,844) are also generally limited to a few percent. This means that most of the work exercised in 
relation cultivating the fields is done by manual labor.
 4.3.1 Fertilizers
As mentioned the use of chemical and organic fertilizers relates to how biogas can be implemented 
on household level. Both because existing practices will mean that the farmers are already used to 
fertilize their plants but also because the expenses from the chemical fertilizers can be mitigated by 
using bio-slurry, see  2.3.4 Economy, page 17. 
As mentioned above less than 1% of the explorations use chemical fertilizers according to INE 
statistics. During the stakeholder workshop the representatives from Nhamatanda District explained 
shortly that it was mainly the farmers that were in a stronger economic position that used chemical 
fertilizers. 
No statistical data is available on the amount of households that use organic fertilizers. In the 
Nhamatanda province the Director of Agriculture, Caetano Benedito, explained that the general use 
of organic fertilizers is limited. The motive for this he explained was that the soil in the province is 
fertile due to the floodings in the rainy season. He also mentioned that the cattle farmers looked 
upon the manure as a waste problem. On provincial level Barnete Gimo from the Provincial 
Services of Agriculture explained that the use of manure as a fertilizer was limited too, few 
4 Smaller explorations are defined to have less than 10 ha, 10 heads of cattle, 50 goats, sheep or pigs, and 2.000 pieces 
of poultry (INE, 2011).
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explorations used it and these were mainly potato farmers – one of the motives for this was that the 
potato is a relatively new crop that had been introduced together with the practice of using organic 
fertilizers. Gimo elaborated that trials were being done with guano and that the extensionist from 
the public administration were promoting conservation practices together with organic fertilizing.
 4.3.2 Cattle Farming
Cattle farming is done at some level in all districts of Sofala. The estimates of the total amount of 
cattle in the province is in the range of 53,000-58,0005 heads of cattle. These are spread out on 
5,382 agricultural entities (INE, 2011). The cattle are mainly centered around the province's capital 
in the districts Dondo, Buzi and Nhamatanda, as it can be seen on the table and map in Illustration
9. Most of the cattle is bred for meat production. The cattle for milk production is limited to 1.800 
heads of cattle for milk production that are kept in Beira and Dondo (SPP, 2011b). The director of 
agriculture in Nhamatanda, Caetano Benedito, elaborated that the meat is primarily exported from 
the exterior provinces to Beira the province capital and Maputo. Specifically the people in 
Nhamatanda did not have the habit of eating beef. Some of the cattle is also used for animal 
traction.
Province Cattle Cattle / km2
Beira 633 3783 5.98
Dondo 2443 5461 2.24
Buzi 7409 13227 1.79
Nhamatanda 3975 11618 2.92
Marromeu 5810 346 0.06
Muanza 5731 25 0.00
Cheringoma 8739 113 0.01
Gorongosa 7659 1021 0.13
Chemba 4388 2330 0.53
Chibabava 8012 1008 0.13
Machanga 4657 8391 1.80
Maringue 5085 1231 0.24
Caia 3477 4470 1.29
km2
Illustration 9: Map of Sofala and the table of the distribution of cattle in Sofala.
(Map: sofala.gov.mz, a), (Cattle: SPP, 2011a), (District sizes: ine.goz.mz, a)
5 53.024 heads of cattle according to the SPP, 2011, 57,743 heads of cattle according to INE, 2011. The exact reason 
for the discrepancy  is not know, but it is probably due to different methods and time of data collection.
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A large part of the cattle farming is based on the government organized livestock promotion – all 
the cattle farmers that have interacted as sources for this project report had started breeding cattle 
after buying a bull and two cows at a subsidized price, later they had to pass some of the calves, 
they bred, back to the program.
Bendito explained that the tendency is that the amount of cattle is rising. The livestock promotion is 
continuing and many cattle farmers had just started in the program and still only have 3-4 heads of 
cattle. Further the livestock sector in Mozambique was hit hard by the civil war and the population 
of cattle declined from 1.3 million to 0.25 million from 1982 – 1992 (Brück, 2006). For instance in 
the Buzi district; By the end of the 80'ties the cattle population was around 30.000 heads of cattle 
(MdA & Metier, 2005). The population of cattle has risen to 13,227 (SPP, 2011) since year 2000 
when the population was around 2,000 heads of cattle (MdA & Metier, 2005). Further it should also 
be noted that a baseline projection of the livestock sector in the central provinces of Mozambique 
(Sofala included) estimates that the livestock sector by average will increase by 5% each year from 
2010 to 2020 (Pauw et al, 2011).
 4.3.2.1 Sectors
The cattle breeding can roughly be categorized in to two sectors – the private sector and the small 
holder sector6.  The private sector covers the cattle ranchers that have committed larger investments, 
these typically live in Beira or other of the larger cities in Sofala. They have their cattle farm on the 
countryside where they hire people to take care of the cattle. These cattle farms are typically larger 
farms, some with more than 100 heads of cattle. According to Benedito one single private sector 
cattle farm in Nhamatanda had up to 3.000 heads of cattle. Cattle farming associations are also 
existing, these are associations where people own a herd of cattle together - an example of this was 
Mendes Jafar which represented his association in the farmer workshop.
The small holder sector on the other hand consists of smaller farms with fewer animals and with the 
owner living on the farm. Biqueza elaborated that the main difference between the private sector 
and the small holder sector is the amount of money that is invested in the farm.
The project report has not been able to make an estimation on how the cattle and entities of cattle 
6 Sector privado and sector familiar.
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farms are distributed between the private and the small holder sector. The reason from this is that 
the statistical raw data is not available and the information from the various informants have not 
been sufficient to give an estimate. The most detailed data was Benedito who estimated that 70 % of 
the cattle in Nhamatanda belonged to the private sector.
 4.3.2.2 Practice
The overall practice for cattle farming that was observed at the four farms that were visited during 
the project report's research is that the cattle is kept in a kraal during the night and during the day 
the cattle is herded around on the pastures. The farmers elaborated that the animals get water from 
lakes, rivers and puddles. The two farmers that were visited in Nhamatanda City also had their own 
wells.
The kraals are simple structures made of poles and barbed wire to enclose the animals. The manure 
and dung the cattle produce at night is left on the ground. 
Mariasita Jone (Jone) mentioned that her family burned the manure. Her kraal was located in a 
semi-urban area of Nhamatanda City which means that it may have been a practical way of 
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Illustration 10: Kraal in the Nhamatanda District. (Source: Author)
eliminating a garbage problem. Armindo Chingoma (Chingoma) had sometimes given the dung 
away. The other farmers simply just left where it was. None of the farmers used the dung for 
fertilizing their own fields or kitchen gardens – Jone for instance did not have a kitchen garden.
The project report has been focused on the practices of the cattle farmers that breed cattle for the 
beef. Therefore other practices are most likely to be used where the aim of keeping cattle is animal 
traction or milk production.
 4.3.3 Pig Farming
According to the INE (2011) then there are 20,616 agricultural entities which farm pigs in Sofala. 
These are spread out on most of the districts of Sofala. However it is centered around the western 
districts Gorongosa and Maringue where more than half of the population of pigs in Sofala is 
present. Pig farming in Sofala seems to have had problems with plagues – especially African Swine 
Fever, at the office of the Provincial Livestock Services posters on how to prevent and act against 
African Swine Fever were observed. Further the project report visited two farmers (Jorge Dezanove 
Chaves and Luis Mica Juloi) who kept pigs during the research – both had recently lost pigs 
because of illness. Juloi claimed that his pigs and the neighbours' pigs had been poisoned, however 
it is the belief of the project report that the death of the pigs were because of disease.
The two farmers who were visited in the project report one presented the very small, small hold 
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Illustration 11: Pigs enjoying the shadow in their pen. (Source: Author)
farmers. This was Juloi who had pigs, goats and some chicken. The other, Chavez, had both pigs 
and cattle as well as chicken. Both of them kept their pigs in a basic pen where the manure was left 
directly on the soil. Biquiza informed that the use of cement flooring for pig farming was very 
limited in Sofala. It is not clear to which extend pigs are kept roaming freely.
Province Pigs Percentage
Beira 633 1671 2.64 2
Dondo 2443 2660 1.09 3
Buzi 7409 2653 0.36 3
Nhamatanda 3975 5123 1.29 6
Marromeu 5810 9700 1.67 11
Muanza 5731 0 0.00 0
Cheringoma 8739 1008 0.12 1
Gorongosa 7659 45902 5.99 50
Chemba 4388 0 0.00 0
Chibabava 8012 897 0.11 1
Machanga 4657 102 0.02 0
Maringue 5085 14730 2.90 16
Caia 3477 7875 2.26 9
km2 Pigs / km2
Illustration 12: Map of Sofala and table of the distribution of pigs in the province.
(Map: sofala.gov.mz, a), (Cattle: SPP, 2011a), (District sizes: ine.goz.mz, a)
 4.4 Biogas from Cattle and Pigs
According to the project report's calculations if cement flooring is added to the biogas plant then the 
manure and dung from 7 pigs in the weight range of 52.5 kg will be sufficient for a small scale 
biogas digester that produce enough gas for the households cooking needs – the amount of pigs will 
be less if the household latrine is connected to the biogas plant. For cattle the minimum requirement 
is 10 heads of cattle (average weight 200 kg), see also Annex 1.2 Minimum Amount of Animals for
a Biogas Plant, page 70.
The data that is available (INE, 2011; SPP, 2011a & SPP, 2011b) is what can be considered rough 
aggregates. Therefore the project report is not able to estimate how many of the 5,382 cattle 
breading and the 20,616 pig breeding agricultural entities in Sofala that have a sufficient husbandry 
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to produce enough biogas to cover the households' cooking needs. INE (2011) groups the entities 
into small, medium and large. Medium farms have 10 or more heads of cattle and large farms have 
more than 100 heads. In Sofala there are approximately 1,673 medium and large sized farms with 
cattle (INE, 2011). This means that the amount of entities with at least 10 heads of cattle can be 
limited to less than 1,673. To sum up; less than 22,289 households will be able to produce biogas 
based on pig or cattle manure. 
However this number is probably drastically reduced when following considerations are taken into 
account. First of all the statistic counts agricultural entities and not households which means that the 
entities covers the private sector which can not be expected to have interest in household biogas as 
the owners does not necessarily live on the farms – making an investment as a biogas digester to 
improve the living conditions of the employees is a possibility, but the project report deems this 
unrealistic. Some farmers are both breeding pigs and cattle (as Chavez) which further will reduce 
the number of households with the potential of biogas. Finally it is not considered realistic that the 
amount of cattle and pigs are spread evenly out on all households in the province.
On top of this comes also the issue of access to water within a distance of 1 km. In Nhamatanda 
City it was observed that all farms had access to wells within a very short distance. However the 
two farmers (Chavez and Chingoma) that were visited outside of Nhamatanda City related that they 
had a considerable distance to water sources in the dry period. Which indicates that farmers in 
remote rural areas may have to spend to much time on transporting water to the biogas digester.
More data is therefore necessary if a concrete assessment of the potential number of households is 
to be made. A qualified estimation from the project report is that the current potential may be in the 
range of a few thousand (1,000 - 5,000) to 10,000 - 15,000 households that may be able to benefit 
from household biogas.
 4.5 Chapter Summary
Based on the climatic conditions in Sofala household biogas is a possibility though not ideal - day 
temperatures may be slightly lower than 20 °C during during some winters.
The indications are that there is at most a marginal potential of household biogas based strictly on 
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chicken farming. Human excreta may be a possibility but more investigations are necessary in order 
to be conclusive. 
The statistical material shows that manure from pigs and cattle is a resource that is available in large 
parts of Sofala. Especially in the districts of Beira, Dondo, Buzi, Nhamatanda and Gorongosa where 
the concentration of these animals is higher than in the rest of the province. Further the livestock 
sector in the region, that Sofala belongs to, is expected to grow 5% yearly in the period of 2010-
2020 (63%).
The husbandry practices mean that large quantities of the manure and dung is not available for 
household biogas. The primary reason for this is the private sector which means the manure is not 
present where the farm owner lives (in Nhamatanda 70% of the cattle belongs to the private 
sector7). In order to utilize the manure from the cattle on the private sector farms for biogas 
production then other approaches than household should be taken.
The use of chemical and organic fertilizer is not common in Sofala. This means that the 
implementation of household biogas will have to be connected with education and promotion of the 
use of fertilizers if the farmers are to benefit from the bio-slurry production.
The manure produced by the cattle will be easy to integrate into a biogas plant as it can easily be 
collected from kraals. However regarding the pigs it may be difficult as they live on the soil. 
Promotion of cement flooring together with household biogas plants may therefore be advisable.
In general the statistical data that is available about husbandry in Sofala is aggregated in a way that 
makes it impossible to give realistic estimations on how many households that posses enough cattle 
and/or pigs to sustain a household biogas plant.
7 Data is not available for other provinces.
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 5 The Household Perspective
In the previous chapter the project report focused on the factors that relate to the potential of 
household biogas on the level of the province. However the implementation of household biogas 
also depends on whether the household decides to construct and use a biogas digester. One factor 
here is the economic aspect - are the relation between the investment costs (construction, interests 
and maintenance) are reasonable compared to the cost of the current energy source. Furthermore 
women's role in household decision is also of relevance.
 5.1 Economy
In most of Mozambique including Sofala the cooking is mainly done by wood fuels. This includes 
fire wood and charcoal which accounts for up to 90% of all households energy supply for cooking 
(DANIDA et al, 2009:4-5). The two other general energy options for cooking are electricity and 
LPG, however there is a substantial price difference from using charcoal to electricity and LPG. 
Biogas is not currently an option but would have to find its place in the market among these energy 
options.
 5.1.1 Energy Options
The various energy options will shortly be presented to be able to evaluate how biogas compares to 
these on household level.
 5.1.1.1 LPG and Electricity
Assane explained that  economically LPG and electricity these options also have the issue of 
upfront cost associated with the acquisitioning of modern stoves and higher monthly costs than 
charcoal as well. Another issue that Assana also confirmed is that the access to LPG canisters in 
rural areas is a logistical problem that limits its adaptability. Grid connection is also an issue in rural 
areas.
 5.1.1.2 Fire Wood
In general it can be said that fire wood is the poorest people's fuel (USAID, 2005). It is both 
collected by the local households, but there exists also a market for it. According to figures from 
2003, 68.7 % of the households in Sofala used fire wood for cooking (Mulder & ME, 2007).
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In the study for the LEP in Nhamatanda it was found that families that collected fire wood on 
average spend 50 man days per year on collecting firewood due to the distance to areas with trees. 
The distance to areas with tree also meant that other people who had been collecting fire wood now 
had to buy it. (Kannasoot, 2011)
However the accessibility of firewood is also important an example of this is the farmer Chavez, 
which should be considered a prosperous farmer8. His wife used fire wood for cooking, their 
explanation for this was that it was free and easy for them to collect fire wood as there was plenty of 
trees close to where they lived.
 5.1.1.3 Charcoal
Charcoal is known to be a popular fuel for cooking in many developing countries due to its 
tendency to emit less smoke than wood and to be easier to transport (Schlag & Zuzarte, 2008). 
According to 2003 figures 28.5 % of the households in Sofala used charcoal for cooking (Mulder & 
ME, 2007). In Sofala the distribution system was observed during the transportation for the 
research. Basically the charcoal is produced in the province and afterward transported towards Beira 
or other urban areas. This happens firstly by foot or bicycle to one of the main roads or markets 
where it is sold. What is not consumed locally is transported from there by trucks towards Beira 
where it is sold. This distribution systems means that the charcoal gets more expensive the closer 
you get to Beira. In Nhamatanda City the price of a 50 kilo sack of charcoal was about 160 
meticais9. In Beira a sack of charcoal normally would be about 250 – 350 mts depending on the size 
of the sack informed Assane. Assane also noted that charcoal is also resold in smaller portions 
which raises the monthly cost for people who buys smaller quantities. In the rainy season the price 
can soar as the transport of charcoal from the countryside gets complicated, in May 2011 it rose to 
500 mts per sack (diariomoz.com, a).
According to Assane a normal family spends a sack within 20 days. which means that the 
consumption of charcoal is in the range of 1½ sack per month or 75 kg.
8 Chavez had cattle, a small truck and some of his children lived in Nhamatanda City (about 10 km away from the 
farm) in another house so they could study in the high school – data suggesting he is a prosperous farmer.
9 In connection with the field trip one of ADEL's drivers bought a sack of charcoal, as he tried to get a good price 
various charcoal sellers was asked.
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 5.1.1.4 Biogas
Biogas has the general advantage that the household will be able to use resources that are available 
on the farm to produce energy. Thereby both cutting monthly costs for energy or limiting the 
amount of work that must be done for creating energy for cooking (the assumption is that collecting 
the dung and transporting water to the biogas plant is less than wood collection). The maintenance 
cost to for instance a solid dome is limited, Lam & Heegde (2010) operate with a maintenance cost 
of about 2 % of the total investment (construction cost). However the construction of the biogas 
digester may be an upfront cost that may cause a problem. The estimations the project report have 
calculated places the price of a small scale biogas plant in the range of 10,750 – 24,170 mts, where 
10,750 mts is the price for a small digester of 2.5 m3 and 24,170 mts is the price of larger digester of 
8 m3 10, see Annex  1.4 Digester Construction price, page 74. As mentioned earlier most of the 
population lives for less than 2 USD (54 mts) (DANIDA et al, 2009), so a farmer will most likely 
need a credit and/or subsidy in order to be able to realize the payment of the construction of a 
biogas digester.
 5.2 Credit
As mentioned above a farmer will most likelily have to finance the construction of a biogas 
digester. In the following the issues regarding financing and farmers in Sofala will be elaborated.
In Sofala only 5,927 of the 271,249 agricultural explorations (2 %) have access to some sort of 
credit (INE, 2011). The main credit sources are the government, input suppliers and self help 
groups. The input suppliers are for instance companies that provide a credit to the farmers in 
exchange for the farmer producing and reselling them a specific crop. The self help groups includes 
what is called savings groups which is one of ADEL's activities.
Bert Smit, ADEL's savings group consultant, elaborated that the savings groups they work with are 
based on mutual saving and lending within a group of people. Each month the group will meet up to 
save up money and lend money out to group members. The members that lend money will have to 
pay the money back with interest within a month. After for instance 6 months the total savings and 
income from interests will be paid out to the group members depending on how much each has 
10 Based on the comments to the estimations the project report uses the higher price estimation, see Annex  1.4.1 
Comments, page 76.
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supported. The interest rates for loans are in the range of 10 – 20 % per month.
Smit further explained that people face several obstacles in order to get access to other formal credit 
alternatives such as banks and micro credit institutions partly due to the infrastructure as the banks 
are located in the urbanized centers. For rural people it may take more than a day of traveling to get 
to these. Furthermore providing the necessary papers and legitimization is another issue.
Finally interest rates in Mozambique must be considered fairly high. The Mozambican National 
Bank's interest rate is 15% (bancomoz.mz, a), and commercial banks operate with interest rates in 
the range of 23 % (BM, 2011).
 5.3 Return on Investment
To give an impression on, how the various factors regarding the construction of a biogas digester 
affects the economical aspects, the time it will take a farmer to recuperate his investment has been 
calculated, see Table 7. This has been done depending on digester types, interest rates, savings and 
locations (Nhamatanda City and Beira).
Location Digester Type 10.00% 15.00% 23.57%
Nhamatanda City Solid Dome 4 m3 7 years 9+ years Impossible
Nhamatanda City Plastic Tube 2 years 3 years 3 years
Beira Solid Dome 4 m3 5 years 6 years 8 years
Beira Plastic Tube 2 years 2 years 2 years
Table 7: Times for return on investment based on digester type, location and interest rates.
See Annex 1.5 Financing and Return on Investment, page 76.
It can be seen from Table 7 that the interest rates and the lower price of charcoal in Nhamatanda 
City means that the construction of biogas digesters (solid dome and plastic tube) must be 
considered unfeasible economically. Because it will be impossible to finance or the time frame is 
too long. If a life span of three years is considered for the plastic tube digester then it will hardly 
recuperate the investment, see also  3.3.1 Plastic Tube, page 23 for details on plastic tube digesters. 
In Beira recuperating the investment in a solid dome digester also takes a considerable amount of 
time. However the plastic tube digesters seem to be able to recuperate their investment.
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 5.3.1 Comments
It shall be noted that the calculations have been done on the assumption that the economic benefits 
come from substituting charcoal with biogas. A direct comparison would not be able for fire wood 
as the expense on fire wood is collection time, to compare this economically the work time should 
be substituted with income generating activities – this may not always be possible. Further when 
fire wood is traded it is a cheaper than charcoal, which means the savings would be smaller and the 
time to recuperate the investment longer. 
Income savings from substituting chemical fertilizer have not been included as this substitution only 
will be a possibility in a limited amount of cases as the use of chemical fertilizer in Sofala is 
limited, see  4.3.1 Fertilizers, page 30. The improved crop yield from the improved fertilizing of the 
manure has not been included in the calculations neither. This partly because these are hard to 
calculate (Werner et al, 1989) but also because the farmers acceptance of this in a cost benefit 
analysis is doubtful (ISAT & GTZ, 1999c). Likewise the inflation have also been excluded as it is 
assumed that the farmer most likely will find it hard to accept as well.
 5.4 Women's Role
The project report has not investigated the role of women in details. According to Kannasoot then 
women in Nhamatanda City had had problems with improving their livelihoods by for instance 
buying improved stoves as the husbands controlled their savings. Other indications are that 
polygamy is present especially in rural areas and women have limited ownership rights through law 
and local practices (genderindex.org, a). This means that women's role in household decisions may 
be a factor that will influence the possibilities of dissemination of household biogas. However based 
on the available reports and data, the project report is not able to estimate to what extent and how 
this will influence the potentials of household biogas in Sofala.
 5.5 Chapter Summary
From an economical point of view the introduction of biogas faces several problems. The 
construction prize of digesters have a rather high price, the interest rates and the savings from 
energy substitution from charcoal are factors that make it hard or impossible for the farmers to 
recuperate their investment. Furthermore the access to credit institutions is also limited for the 
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farmers in Sofala. In other words then a program of introducing household biogas in Sofala will 
need to include instruments to secure access to credits and subsidizations that will make household 
biogas attractive.
Another issue is that a substantial part of the households in Sofala still use fire wood, here the 
economical aspects are more problematic as fire wood does not carry the same economical savings 
potential as charcoal.
It can be observed for farmers in or close to Beira will have increased economic benefits from 
household biogas compared to farmers in rural areas as Nhamatanda. This because of the higher 
prices of charcoal in Beira.
Finally women's role in household decisions may influence how household biogas can be 
disseminated in Sofala.
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 6 Household Biogas Stakeholders and Activities
In the following chapter the project report will present the main stakeholders that may have interest, 
capacities and resources that may be used or influence household biogas projects in Sofala. The 
identification of the stakeholders has been based on the investigations into biogas in Mozambique 
and the activities realized during the research in Mozambique.
 6.1 Stakeholders with Biogas Activities
A few different biogas projects have been discovered in Mozambique – these are both represented 
at the levels of the governmental institutions, foreign development agencies, NGOs, academia and 
private enterprises.
 6.1.1 Academia and NGO
On this level one realized project have been discovered by the project report. This is a household 
biogas digester that was constructed by The Action Group for Renewable Energies and Sustainable 
Development (GED) and Ministry for Coordination of Environmental Affairs (MICOA) in 2007. 
The biogas digester was intended as a pilot plant to evaluate the feasibility of biogas in 
Mozambique and is located in the Magude district in the Maputo province. (South South North, 
2008)
However no material on the results from studies of the biogas plant area available – the project 
report attempted to contact GED by phone and e-mail without success. Furthermore during the time 
this project report was written the homepage of GED (http://www.ged.org.mz/) was deactivated.
The academia is linked through GED to the Eduardo Mondlane University (UEM) in Maputo. 
Alberto Julio Tsamba (Tsamba), who has been one of GED's contact persons in connection with a 
biogas project proposal for the Tete province (GED & REEED, 2007), is also an employee at UEM 
(engenaria.uem.mz, a). Hereto should be added that Paul Hassing from the Biogas Africa initiative 
also reported having been in contact with UEM about making a feasibility study for household 
biogas dissemination in Mozambique. UEM is supposedly also active with a biogas project in the 
Inhambane province (wwf.org.mz, a).
44
 6.1.2 Donor Based
In 2009 and 2010 United Nations Industrial Development Organization (UNIDO) has been looking 
for contractors to install two biogas plants on different locations in the Gaza province of 
Mozambique. The biogas production from these plants are aimed at electricity and heat production. 
The Mozambican Ministry of Energy (ME) is the main counter part in both projects (UNIDO,2009)
(UNIDO,2010).
The first is a 120 m3 biogas plant should be constructed and used for electricity production in a 
village, the output would be 10 KW. The electricity would thereby be used by various services in 
the village such as welding, carpentry and battery charging. The biomass source for the village 
would be manure from cattle. This plant should be finished by February, 2010. (UNIDO, 2009)
The second biogas plant is smaller and should only be 30 m3 in size and give and output of 2 KW of 
electricity. The electricity and heat produced is to be used in a local slaughter house. This biogas 
plant should be finished by April, 2010. (UNIDO, 2010)
The construction and use these biogas plants have not been confirmed. However on the biogas plant 
constructor Biogas Technologies Limited from Ghana claims on its homepage to have constructed a 
biogas plant for UNIDO in Mozambique and being in the progress of constructing one more 
(biogasonline.com, a).
 6.1.3 Governmental Institution
Besides the previously mentioned household biogas project in the Maputo province from 2007 that 
involves MICOA and the projects UNIDO projects that involve ME, then there are listed four 
projects in government's Social and Economic Plan for 2011. The three of the four are planned for 
the Gaza province and one is for the Maputo province. The construction of the pilot plant in the 
Maputo province was according to the review of the plan initiated during the first semester. The 
responsible governmental institution is MICOA and the projects are covered under the climate 
change program. (MPD, 2011)
 6.1.4 Private Enterprise
On the enterprise level the Everts Farm and Dairy in the Manica province has been identified. The 
farm is both planning on integrating industry size biogas digester and household biogas digester. 
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The combined farm and dairy has its own dairy cattle but also receives milk from local farmers.
 6.1.4.1 Industry Size
The idea is manure from the cattle to produce biogas to substitute diesel fuel in the dairy. The dairy 
has a boiler that is used for the production of yoghurt and cheese explained Niels Ansø (Ansø), 
advisor on the project. Ansø also elaborated that this was the most reasonable way of using biogas 
for this project due to low electricity prices. The biogas output is estimated to be between 50 m3 and 
425 m3 per day depending on the size of the biogas plant and the amount of dairy cows providing 
manure for the production (Schwengels, 2009).
 6.1.4.2 Household Size
The dairy receives milk from smaller farms located in the area. Evans is planning on developing a 
model farm in order to inspire the milk suppliers on how to develop their farms. A part of the model 
farm should be a biogas digester. The size of the digester according to Evans should be around 2 m3. 
In 2009 a 1 m3 biogas digester was constructed on Everetz Farm together with Ansø and Fact 
Foundation a Dutch NGO. Ansø mentioned that the digester, which main part was a water tank of 
plastic, is not working and due to problems with airtightness.
 6.2 ADEL's Network
In the following will ADEL and its network of stakeholders briefly be presented in order to an idea 
of which interest, resources and capacities ADEL has.
 6.2.1 ADEL
ADEL is a local NGO located in Sofala. ADEL has activities within various fields related to local 
economic development in Sofala. Examples of the fields that ADEL is active within are energy 
planning and improved stoves production, energy efficient charcoal production, savings groups, 
agriculture, reforestation and nutrition and food security in relation to HIV/AIDS. (Jespersen, 2010)
According to Assane one of the activities of ADEL is now on educating other NGOs on improved 
stoves production. This for instance in Maputo where the work with improved stoves production 
and the dissemination of these originally started in Mozambique. 
Besides the SEALAS project with OVE and DANIDA then within the field of energy and natural 
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resource management in Sofala, ADEL have had various projects with other partner organization 
such as World Wild Foundation (WWF), German technical cooperation (GTZ) and Global 
Environmental Facility (GEF). (Jespersen, 2010) 
One of the main strategies in the activities of ADEL is the creation of CLEDs, so far ADEL have 
organized 8 CLEDs in Sofala, see  Illustration 13. However there are still no CLEDs in Buzi and 
Machanga which are two of the districts with an elevated number of cattle, see  4.3.2 Cattle
Farming, page 31.
The idea of the CLEDs is to have have contact to the locale population in for instance the remote 
areas. Each CLED is organized locally and have different activities depending on the local 
circumstances. (DANIDA et al, 2009)
Illustration 13: Map of Sofala with the ADEL's CLEDs marked with blue dots.
(Map: sofala.gov.mz, a) (Illustration: Author)
On national level ADEL is also active through the Sustainable Energy Forum (FESMO) which is a 
network of NGOs that are active within energy and come from different provinces of Mozambique. 
Furthermore FESMO also have participation from governmental institutions such as ME and the 
National Energy Fund (FUNAE). (DANIDA et al, 2009)
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 6.2.2 Biogas
ADEL has not realized any projects in relation to biogas so far. From the research and cooperation 
in Mozambique the impression is that the employees in the Beira Office understands the concept of 
biogas however when it comes to the technicalities  surrounding household biogas they will need to 
build new capacities in order to be able to plan and discover possibilities within biogas. The NGO 
itself does not hide this, Hamid Taybo (Taybo), the managing director of ADEL, clearly expressed 
that the NGO did not have any capacities within biogas.
 6.2.3 Agriculture
ADEL have done some work related to agriculture for instance community gardens and nurseries 
for mangrove trees (Jespersen, 2010). According to Assane when it comes to husbandry only one 
CLED keep animals – which is Milha 8 in the Dondo district. When it comes to agriculture then 
Taybo highlights another ONG that is active in Sofala – the Rural Association for Mutual Support 
(ORAM). According to Taybo ORAM works with areas such as seed banks and irrigation.
 6.3 Stakeholders in Sofala
Other stakeholders in Sofala also include the local authorities as well as the pig and cattle farmers. 
These will be presented here.
 6.3.1 Local Authorities
Various agencies exist on local level within energy, agriculture, husbandry and environment. The 
impression from the interviews with representatives from the local authorities and workshop is that 
they can help with information. Especially within the field of agriculture and husbandry the staff 
have knowledge on where and how husbandry and agriculture is praticed.
Further the agricultural system manages local extensionists which work consists in educating the 
local farmers. The extensionist may serve as a valuable cooperator both as a promotional tool as 
they educate the local farmers. But it will on sight also be important to avoid that negative attitudes 
towards biogas are created among the extensionist. As it may be speculated that this may spread to 
the farmers and thereby hamper efforts to promote household biogas.
Tomo reported that there locally had been a campaign in Nhamatanda City where households that 
did not have a latrine or toilet were fined. Which also indicates the necessity of cooperating with the 
local authorities in order to gain acceptance of for instance the use of human excreta in biogas 
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digesters and afterward as fertilizer.
 6.3.2 The Pig and Cattle Farmers
The small holder pig and cattle farmers in Sofala are a determinant stakeholder in relation to the 
adaptation of biogas on household level. The reason for this is that the decision on constructing, 
using and maintaining a biogas plant is theirs. The project report estimates that knowledge about 
biogas and skepticism towards biogas will be two main barriers form adaptation on farm level. The 
farmers that were interviewed as well as those present in the workshop understood the concept of 
fermentation, however from there to paying for the construction of a biogas there is a long way if 
you have not seen biogas in action. A further indication of these barriers was the wife of Chavez 
who stated that the concept of biogas is fine, but if it worked in reality was another issue.
The lack of knowledge regarding household biogas also means that there is no market pull for 
household biogas. In other words the farmers must be introduced and convinced about the 
advantages of household biogas. 
 6.4 Chapter Summary
Various stakeholders, which have interests and resources in biogas, have been identified. However 
the main barriers for biogas on the stakeholder level is the lack of local competences within biogas 
– for instance ADEL the local NGO will have to acquire capacities on many aspects of biogas to be 
able to disseminate it to the local population. This includes how to construct the biogas digester, 
how to promote biogas, evaluate if biogas is a viable option for the individual farmers. The lack of 
competences will also mean that local masons and civil engineers should be educated on 
constructing and dimensioning biogas plants.
ADEL's main activities have been centered around energy. ADEL have some activities that relate to 
agriculture however animal husbandry is not part of this – only one of ADEL's CLEDs have 
husbandry activities. This may mean that ADEL should upgrade its agricultural activities or initiate 
collaboration with other organizations that work within the field of agriculture. This could for 
instance be the local public administration within agriculture or local NGOs that work with 
agriculture, such as ORAM.
Furthermore it can also be observed that ADEL has its activities in the northern part of Sofala. 
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However large parts of the cattle population are centered in the southern provinces Machanga and 
Buzi where ADEL have no CLEDs, promoting biogas in these areas may therefore be a challenge. 
This of course will also limit the potential of promoting biogas in Sofala.
From assessing the different stakeholders related to biogas in Mozambique and their activities it 
seems like there are little sharing of knowledge and capacity building over time.
50
 7 Analysis
This chapter will analyze how ADEL can work with household biogas to decrease the negative 
environmental and health related impacts from the current energy consumption in Sofala and on 
national scale. This based on the data gathered through this project report.
 7.1 Overall Perspectives
To use household biogas as a tool to decrease the use of wood fuels and their impacts on the health 
of the local population and the forest resource is challenged on several levels.
 7.1.1 Household Level Challenges
At household level the husbandry and agricultural practices complicates the use of biogas. Manure 
and dung is used very limited for fertilizing fields and kitchen gardens. Which means that the 
farmers will have to integrate fertilization practices together with the installation of a biogas 
digester. The cattle is only kept in the kraals at night time which means that only a limited amount 
of dung can be collected and used for biogas production. This again means that the household must 
have a heard of at least 10 heads of cattle to produce enough biogas. The pigs are mainly kept in 
pens constructed directly on the soil, cemented flooring may therefore be necessary in order to take 
advantage of the dung. Some households also have husbandry but no agriculture, these households 
will not benefit from the bio-slurry production. 
The cost of wood fuels compared with the cost of constructing, maintaining and financing a biogas 
digester is another challenge. Fire wood is still the main fuel in many households in Sofala, fire 
wood is either collected or has a relatively low price if bought. Still with charcoal, that is a more 
expensive fuel than fire wood, it will be hard for a household to save money from changing to 
biogas if the interest rate is considered. Only in areas where the charcoal has a relatively high price 
such as Beira is can be considered economically attractive for the farmer to substitute charcoal with 
household biogas. Further only a marginal amount of the farmers in Sofala have access to credit 
institutions.
 7.1.2 The Quantitative Challenge
On a wider scale in Sofala the challenge is in the amount of household that has enough manure and 
dung available on their farms to sustain a biogas plant. One of the reasons for this is that a 
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considerable part of the cattle farmers in Sofala does not live in the vicinity of the their farm, in 
other words household biogas based on the manure from their cattle is not possible.   
At best the potential number of households that have sufficient manure available is 10.000 – 15.000 
but it may as well be less than 5.000 households. To this should be added that efforts may have to 
be made in order to make these households implement household biogas and yet maybe just a 
fraction will adopt biogas. This makes it clear that currently the potential health and environmental 
impacts on a broad scale in Sofala is limited if not marginal.
It should be noted that the livestock sector in the region of Mozambique that Sofala belongs to is 
expected to grow 63% during the next 10 year, which means that the household biogas potential 
probably will improve over time.
Through the amount of households that may benefit from biogas is unknown, then in Sofala there is 
still a group of households which will be able to benefit from household biogas. This group may 
also be expected to grow during the next 10 years. The households in this group will be able to 
improve their livelihoods by less indoor pollution, lower energy costs and improved agricultural 
yields by using biogas. These are also factors that are worth considering.
 7.1.3 Biogas Capacities
Biogas in Mozambique is still in what can be described as an experimental and pilot project based 
phase. With a few projects centered in the southern provinces of Maputo and Gaza. It has also been 
noted that there is no organized knowledge sharing on a national level taking place. Regarding 
household biogas only one biogas digester has been identified in the whole of Mozambique, the 
current status and use of this is unknown. Added no companies within Mozambique that work with 
constructing biogas digesters have been identified. This means that there is little local and national 
capacities to cooperate with, further the existing capacities shall most probably be developed 
further.
 7.2 Possibilities
Taking the above mentioned considerations into account then it is hard to argue that household 
biogas should be disseminated on a wider scale in Sofala. First of all the uncertainty related to the 
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number of households that may benefit from biogas is too significant and should be clarified further. 
The potential for improving the health and enviromental impact from the wood fuels are most 
probable marginal. Additionally building the necessary capacities locally and promoting household 
biogas will most likely carry a price that will not be proportional with the outcomes. According to 
Paul Hassing, senior adviser at Biogas Africa, a potential market of 100,000 households in a smaller 
area like Sofala would create the potential for a large scale dissemination without being too 
expensive.
Nevertheless the expected development of the livestock sector and that biogas is still in developing 
in Mozambique. Sofala is also bordered by the provinces Manica, Tete and Inhambane. This region 
in total accounts for 56 % of the cattle in Mozambique and 50 % of the pigs in Mozambique (INE, 
2011). These two considerations indicate that investigations and development work into household 
biogas and other uses of biogas from manure is relevant - especially if the livestock population 
increases during the next 10 - 30 years. Early activities now can thereby be expected to make a 
large scale dissemination of household biogas in this region faster as capacities, experiences and 
best practices for the use of household biogas and its dissemination already will have been build.
ADEL as an NGO is active within the field of energy on local and national level – for instance 
through FESMO. Among ADEL's achievements can be mentioned that since starting to work with 
energy and stoves production in 2004 it is now is educating NGOs in other provinces on stove 
production. In that way ADEL through its local foundation and national contacts may be considered 
an organization with the capacities of working with the energy related aspects of household biogas.
However agriculture and husbandry is still a field where ADEL most likely will need to develop 
further. Household biogas is directly related to biogas through agriculture, husbandry and the use of 
bio-slurry. The target group will also be small hold farmers, which means that previous contact with 
these will be valuable. Therefore ADEL may have to acquire these competences and contacts. This 
can either be done through developing the organization's capacities and activities or by allying with 
other partners – for instance ORAM.
 7.3 Recommendations
The recommendations on short term to ADEL is firstly to clarify the current and future potentials of 
household biogas in Sofala. By documenting the potential ADEL will be in a position where the 
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NGO is able to make a more qualified decision on progressing with biogas. At the same time the 
documentation can be used to gather further support in the form of resources for work within 
household biogas.
The clarification can be done through cooperation with the provincial and district level 
administrations by getting more detailed information on the data from the livestock censuses as well 
as developing the censuses. Another way is by using the data from the planned LEP surveys – 
possible by integrating the LEP surveys with agricultural NGOs that may be better able to gather 
data from small holders.
At the same time ADEL should try to gather more insight into the existing biogas projects in 
Mozambique and possible abroad. Both to get a better knowledge about the lessons learned, the 
status and perspectives of the existing work the government is involved in. Inspiration on, what 
ADEL can add to household biogas and other biogas types in Mozambique and what household 
biogas can do for the environment and the population in Sofala, will also be an important part of 
this activity. Finally this activity will also enable ADEL to estimate what type of cooperation that is 
possible with other stakeholders. It is here also recommendable to take steps to initiate the creation 
of formal biogas stakeholder network. In such a network knowledge and experiences can be shared 
so capacities can be build faster and resources shared.
These are initiatives of relatively low costs that at some extent can be expected to be combined with 
other of ADEL's activities. Based on these the NGO should be able to estimate if household biogas 
and other types of biogas utilization is something that is worthwhile to integrate into its activities.
The above mentioned initiatives will give ADEL more knowledge and capacities related to biogas 
and biogas in Mozambique. This should give a basis for deciding whether work within household 
biogas is worthwhile.
  
Should ADEL decide upon working with household biogas the advice would be to aim at 
constructing 2 – 4 household biogas digesters in Sofala. The aims of this should be to demonstrate 
and create awareness of household biogas. But also to create more knowledge about how household 
biogas can work in the local context. Cooperation with the stakeholders from academia and 
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agriculture would be advisable in this phase. This should be done both to share knowledge and 
create awareness but also avoid being strained on resources internally in ADEL. The technology to 
start out with should be solid dome digesters due to their longer life time, this way it is more 
probable that the work will be able continue over a longer period if funding cannot be achieved over 
various stages. It would also be advisable to see what progress there is done on the Everts farm 
regarding household biogas to see if cooperation can take place.
The strategy could be to use the household biogas demonstration projects to develop model farms 
with biogas for the small hold farmers in Mozambique and use this as an inspiration for farmers and 
other stakeholders – such as government institutions. The amount of household biogas digester 
should also slowly increase both to reach a larger audience but also to continuously improve 
digester designs and how the bio-slurry is utilized depending on the locale circumstances. 
Eventually plastic tube digesters should be included in these activities as well to be able to offer an 
option that is more attractive economically. Looking into creating decent credit and subsidy options 
for household biogas will most probably also have to be part of this to be able to stimulate the 
demand for household biogas.
 7.3.1 Maintaining and Building Capacities
The project report recognizes that one of the problems about biogas and household biogas in 
Mozambique is the lack of demand and supply. There is no private enterprises offering or 
promoting biogas and at the same time there is no demand – knowledge about possibilities about 
biogas is supposed to be the reason for this. An important part of the above mentioned work should 
be to establish local capacities within construction and promotion of household biogas, so over time 
the supply dimension for household biogas can be created.
An issue regarding this is that the construction of a few household biogas digesters over some years 
may not be enough to create these capacities. Therefore it would be advisable to look into other 
ways of utilizing biogas than just on household level. This could be electricity generation in off grid 
areas such as the UNIDO projects in Gaza. But also charcoal and fire wood substitution in large 
scale kitchen such as education institutions, hospitals, prisons and military barracks, etc.
During the research for the project report two agricultural schools where identified that both have 
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kitchens using charcoal or fire wood and cattle – The Agricultural School of Caia11 and The 
Agricultural Institute of Chimoio12 (IAC). It should be mentioned that IAC is located in the 
neighboring province Manica. These two institutions would be valuable for integrating biogas due 
to their function of educating people who will work with agriculture. In that way their potential of 
disseminating the knowledge of biogas should by no means be underestimated.
11 Escola Agraria de Caia
12 Instituto Agrario de Chimoio
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 8 Conclusion
Problem formulation: How can ADEL work with household biogas to decrease the  
negative environmental and health related impacts of the wood fuel consumption on a local  
scale in Sofala as well as on a national scale?
In Sofala the use of household biogas is challenged on several levels. Regarding the husbandry 
practice on household level the cattle farming is mainly for meat production which means that the 
cattle is kept on pastures on day time. This means that 10 heads of cattle are necessary for 
maintaining a household biogas plant – this at the same time limits the amount of households that 
can benefit from household biogas based on cattle dung. The use of organic and chemical fertilizers 
are limited which means that most of the households will have no use of the bio-slurry unless they 
are introduced to practices using fertilizers. The costs of wood fuels compared to biogas also means 
that household biogas only will be attractive in areas with elevated charcoal prices in Beira.
There are few known biogas projects in Mozambique and most are located in the southern 
provinces – Gaza and Maputo. This means that knowledge and capacities within biogas and 
household biogas will need to be build locally in Sofala and other northern provinces.
Finally quantitatively there may be from less than 5,000 household to 10,000 – 15,000 households 
with enough manure from pigs and cattle to produce enough biogas to substitute wood fuels for 
cooking. This is both an uncertainty that should be investigated further. But it is also an issue as a 
dissemination of biogas to these household most likely will be too expensive compared with the 
results. The health wise and environmental benefits may also be marginal currently.
However the livestock sector in this region of Mozambique is expected to grow significantly within 
the next 10 years. And if the amount of pigs and cattle are considered in the area of Sofala and the 
neighboring provinces Tete, Inhambane and Manica, then about half of the cattle and pigs in 
Mozambique are located in this area.
This means that it will not be recommendable for ADEL to work with household biogas with a 
perspective of disseminating it on provincial scale in Sofala with the aim of short term results. 
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However the option exists of looking at the future potential and the context of the regional level. If 
this is done then it can be justified to start developing and introducing household biogas – as it here 
probably both will have the potential of significant impact on the environment and peoples 
livelihood. Work within household biogas should therefore be with the long term aim of creating 
knowledge and capacities on a regional level so a future dissemination can be adapted faster. 
Furthermore such activities may also benefit the local households that implement biogas.
If this shall be done then the recommendation is firstly to clarify the uncertainty about the number 
of households that have enough dung available for a household biogas production. But also creating 
further insight into biogas in Mozambique by for instance interacting with the stakeholders that are 
active within these field and by visiting the existing biogas plants. This also to look at possibilities 
for cooperation and knowledge sharing over time on a national level. Furthermore insights into to 
how household biogas is utilized in other countries will also be valuable. 
On the basis of this a small project of 2 – 4 household biogas digester should be initiated. The aim 
of this will be to create knowledge and local capacities within biogas. But also to identify how 
household biogas can be improved under the local circumstances in Sofala so it becomes more 
attractive for the households and other stakeholders to work with.
The aim should be to slowly develop both the supply and demand dimensions of household biogas. 
By creating knowledge among the households with husbandry but also be creating local capacities 
for constructing biogas digesters among local enterprises. To do so subsidies and attractive credit 
schemes may have to be available for household biogas projects.
It may also be valuable to look in to biogas at other levels. This could be biogas for electricity 
production in areas without electricity and for substitution of wood fuels in institutional kitchens. 
This to create and maintain knowledge and capacities within biogas if the household biogas projects 
in periods should lack funding.
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 10 Annexes
The annexes can be found on the following pages.
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 1 Biogas Plant Calculations
This annex provides the necessary data for sizing a biogas plant, estimating the amount of pigs and 
cattle that is necessary for running the biogas plant as well as a rough economic estimate on the 
construction price.
 1.1 Minimum Dung Supply
The biogas production depends on various factors such as the retention time and temperature in the 
digester, the degradablity of the organic matter fed to the biogas digester as well as the amount of 
this.
To calculate the minimum substrate to reach a certain biogas production following formula is used 
(Lam & Heegde, 2010):
Minsubstrate = Mingasproduction / Specifiedgasproduction
Minsubstrate being the minimum amount of substrate (dung and manure) to feed the bio digester. 
Mingasproduction being the minimum amount of gas production that is needed.
Specifiedgasproduction being the gas production that is expected for each kilo of substrate.
One kilo of cattle dung yields 40 litres of biogas per day and for pigs the yield is 60 liters of biogas 
per day (ISAT & GTZ b, 1999). This yields the following minimum substrates for pig and cattle 
manure.
Cattle dung
1 m3 biogas / 0.04 m3 biogas / (kg / day) = 25 kg 
/ day
Pig dung
1 m3 biogas / 0.06 m3 biogas / (kg / day) = 16,67 
kg / day
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 1.2 Minimum Amount of Animals for a Biogas Plant
The amount of dung animals produce can relatively be calculated on the live weight of the animals 
and their stabling conditions13 (Werner et al, 1989). Roughly cattle and chicken produce 1.5 liters 
biogas per day per kilo live weight, and pigs produce 3.0 liters14 of biogas per day per kilo live 
weight (ISAT & GTZ b, 1999). This means that the biogas output depending on the total live weight 
of the animals can be calculated on the following formula:
Bp = Aw * Boaw
Where Bp is the biogas production.
Aw the animal live weight.
Boaw is the biogas production per kilo of animal weight.
Regarding the pigs the assumption will be that the biogas plant will be constructed together with a 
small stable with a cemented floor so all urine and feces from the pigs will be collected.
For illustration purpose the biogas production from chicken is also calculated – the assumption is 
that 100% of the dung is collected due to indoor farming.
However not all the cattle dung will be able to be integrated into a household biogas plant as the 
project report research observed that the cattle is grazing at the pastures at day time. When cattle is 
stabled only at night only 33% - 50% of the dung can be collected (Werner et al, 1989). This means 
that when calculating the biogas output only the collectable dung must be included. Which leads to 
the following extension of the above formula:
Bp = Aw * Boaw * Cmpct
Where Cmpct is the percentage of the manure that is collected from the animal.
13 These calculations shall be taken with a reasonable amount of reservation. The dung and the amount of the dung that 
is able to decompose varies a lot from one place in the world to another (Lam & Heegde, 2010).
14 The source reads “30 liters”, however this is considered unrealistically as the same source tells that 1 kilo of pig 
dung yields 60 liters of biogas. In other words the pig should produce ½ kilo of dung per kilo live weight. The 
conclusion is therefore that the author has left out the dot between “3” and “0”.
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Aw can the be found:
Bp = Aw * Boaw * Cmpct <=> Aw = Bp / (Boaw * Cmpct)
Based on the above formula the animal live weight to produce 1 m3 of biogas daily can be 
calculated.
Cattle Live Weight
Max: AW  =  1 m3 biogas per day / (0.0015 m3  biogas per kg body weight per day * 33 %)  =  2020 kg animal
Min: AW  =  1 m3 biogas per day / (0.0015 m3 biogas per kg body weight per day * 50 %)  =  1333 kg animal
Pigs Live Weight
AW  =  1 m3 biogas per day / (0.003 m3  biogas per kg body weight per day * 100 %) = 333 kg animal
Chickens Live Weight
AW  =  1 m3 biogas per day / (0.0015 m3 biogas per kg body weight per day * 100 %)  =  667 kg animal
No exact data has been found on the average weight of pigs and cattle in Mozambique (especially 
Sofala). Caetano Benedito the Director of Agriculture in the Nhamatanda Province informed that 
the weight of cattle before slaughtering usually was in the range of 200-250 kg. As the cattle herds 
are composed of older animals for breeding and younger animals that are being fed the project 
report considers it reasonable to estimate the average weight of the cattle to be in 200 kg. This 
means that the minimum amount of cattle that should be available for the biogas plant is between 7-
10 heads. In order of working with a conservative figure the project report sets the limit at 10 heads 
of cattle.
The same lack of data exists for pigs. In Werner et al, 1989 the live weight for pigs in the context of 
biogas production to be in the range 30 – 75 kg. Putting the average at 52.5 kg (in the mid-range) 
will mean that a stable with 7 pigs will be necessary to produce 1 m3 biogas per day. This also goes 
in hand with experiences from Vietnam (Teune, 2007). However 4-5 larger pigs (80-90 kg) should 
also be able to sustain a sufficient biogas production.
If a household latrine is connected to the biogas digester, then the amount of animals can be 
lowered additionally.
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 1.3 Digester Size Calculation 
Knowing the amount of dung that is necessary for producing 1 m3 biogas daily the minimum biogas 
plant size can be calculated. The recommendation for mixing cattle manure is 1 liters of water per 
kilo of dung (Lam & Heegde, 2010). For pig dung the recommendation is 2 liters of water per kilo 
of dung (Lam & Heegde, 2010). This means that the biogas plant digester be able to receive 50 
liters of biomass and water per day for both cattle and pigs. The next thing to know is the retention 
time of the biogas plant. The recommendation for warm climates are 40 – 60 days and for temperate 
climates 50 – 75 days (Lam & Heegde, 2010).
On Illustration 14, page 73, it can been seen that most of Sofala is located in equatorial desert (AW) 
on the Köppen-Gieger classification scheme. The AW zone is also known under the term Equatorial 
Savanna with dry winter, this means that the minimum monthly average temperature is at least 18 
°C the year around, further the winter is dry as there maximum falls 60 mm of rain (Kottek et al, 
2006). As such the climate should be considered among the warmer. That means that short retention 
time are possible, however Sofala is in the periphery of the equatorial zones, so 40 days retention 
time may be hard to achieve. Therefore the calculations here are for the retention time in the range 
of 50, 60, 70 and 80 days – the most realistic is probably 50 – 60 days.
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Illustration 14: Köppen-Geiger climate classification map of the southern part of Africa.  
(Illustrated source: Rubel & Kottek, 2010)
Knowing the above the digester size can be calculated on with the following formula (Lam & 
Heegde, 2010):
Ds = Rt * Dbi+ 0,66 m3
Where Ds is the digester size, Rt the retention time, Dbi the daily biomass input and the 0,66 m3 is 
to be able to store 66% of the biogas production (1 m3) between meals.
The following digester size can be calculated using the above mentioned formula and data for 
retention times and minimum dung for a biogas plant.
Retention Time
50 2.5
60 3.0
70 3.5
80 4.0
Biogas Digester (m3)
Table 15: Retention times and the following biogas digester size
calculated as: Rt*50 liter / day + 0.66 m3.
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 1.4 Digester Construction price
Knowing the sizes of the biogas digesters the price can roughly be estimated using the following 
formula (ISAT & GTZ, 1999c): 
Dprice = Dsize * (6,5 * Pcement + 5 * Pmason) + 100 * Ptube + 2 * Pvalve + Pappliance
Dprice is the construction prize.
Dsize the size of the digester in m3
Ptube the price of 1 m of ½ inch PVC tube for gas transport.
Pvalve the price of a ½ inch  ball valve.
Pappliance the price of the gas appliance to be used.
Regarding the gas appliance the biogas burner can be made out of tin cans (Nijaguna, 2002), see 
also Illustration 16.
As seen on Illustration 17, page 75, the burner can be inserted into a stove (outer jacket) that is 
made of a simple clay construction. A clear similarity can be seen with the improved charcoal stove 
(ICS) that ADEL Sofala provides, see Illustration 17 and Illustration 18, page 75. It is therefore 
considered reasonable that the ICS should modifiable to work as a biogas stove with a simple 
burner. This would be advantageous as the ceramic stoves has the disadvantage of breaking easily 
(Fulford, 1996). With the ICS the ceramic part can be swapped economically and easily. It should 
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Illustration 16: The construction of a simple biogas burner from a beer bottle.
(Source: Gendrano, 2010)
be noted that a clay stove most probably will be cheaper.
Illustration 17: Clay Biogas Burner
(source: daenvis.org, a).
Illustration 18: Improved Charcoal Stove.  
(source: greenstone.org, a)
Assane has informed that the ICS is sold at 180 – 200 mts. To include the cost of modifications and 
construction of the tin burner a extra 50 mts is added – in total a simple burner can be acquired at 
230 – 250 mts.
The remaining prices for the price estimation have been found from visiting various hardware stores 
in Beira and by asking Francisco Vicente Tomo to acquiere the daily salary of a mason in 
Nhamatanda City. The estimate is made for Nhamatanda City so an extra 10% is added to simulate 
estimated prices in Nhamatanda City due to transportation and other costs. This leads to the 
following formula for Nhamatanda City:
Dprice = Dsize * (6,5 * Pcement * 110% + 5 * Pmason) + (100 * Ptube * + 2 * Pvalve)*110% + 
Pappliance
Based on the above and the data gathered the price estimates for different sizes of biogas digester 
have been calculated:
Illustration 19: Material costs and estimation on the price of construction of biogas digesters of  
different sizes. 
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Digester Size
Price min (mts) 7371.88 8514.25 9656.63 10799.00 15368.50 19938.00
Price max. (mts) 10750.00 11970.00 13190.00 14410.00 19290.00 24170.00
2.5 m3 3.0 m3 3.5 m3 4.0 m3 6.0 m3 8.0 m3
 1.4.1 Comments
It should here be noted that the project report tends to stick with the higher price range due to varios 
motives. For instance the retailer mentioned that the cheap ball valve was of a questionable quality, 
further it is not certain that the cement is of a sufficient quality, like wise the skills of the masons 
from Nhamatanda City have not been put to the test of constructing a biogas plant. Finally the 
upfront cost are strictly based on the cost of the PVC-tube, the ball valves and the gas appliance – it 
may be that a private constructor would like higher margins up front because of the planning 
involved in the construction of the biogas plant and transport of smaller quantities of material may 
also include relatively higher costs.
 1.5 Financing and Return on Investment
In order to illustrate the time frame which the investment of biogas digester will recuperate it self, 
calculations of different scenarios of digesters types, charcoal energy substitution and interest rates 
have been calculated.
The annual savings is calculated on the basis of a normal family's energy consumption of charcoal 
and the charcoal prizes in Beira and Nhamatanda deducted the maintenance cost of a solid dome 
digester (2% annually), see also  Table 15 and  5.1.1.4 Biogas, page 40, for more details on these 
costs. The price of plastic tube digester is estimated at 180 USD (4860 mts) based on the 
information on the prices available in Vietnam and Tanzania, see  3.3.1 Plastic Tube, page 23.
Illustration 20: Calculated energy consumption and costs in Nhamatanda City and Beira.
Illustration 21: Investment costs for different biogas digesters, maintenance, annual energy savings  
by substituting charcoal with biogas and finally the annual net savings excluding interests.
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City Investment Maintenance Costs Annual Energy Savings Annual Net Savings
Beira (solid dome 4 m3) 14410.00 288.20 4500.00 4211.80
Nhamatanda City (Solid dome 4 m3) 14410.00 288.20 2880.00 2591.80
Beira (plastic tube) 4860.00 0.00 4500.00 4500.00
Nhamatanda City (plastic tube) 4860.00 0.00 2880.00 2880.00
City Sacks / Charcoal / Month Mts / Sack Monthly Energy Costs Annual Energy Costs
Beira 1.5 250 375 4500
Nhamatanda City 1.5 160 240 2880
Based on the above figures and different interest rates the time for return of investment have been 
calculated on each of the options, see Illustration 22, page 78. Plastic tube digesters and 4 m3 solid 
dome digesters have been chosen, the reason for not including smaller solid dome digester is that 
there are doubts about the price range for the smaller digester sizes..
Location Plant type 10.00% 15.00% 23.57%
Nhamatanda City Solid Dome 4 m3 7 years 9+ years Impossible
Nhamatanda City Plastic Tube 2 years 3 years 3 years
Beira Solid Dome 4 m3 5 years 6 years 8 years
Beira Plastic Tube 2 years 2 years 2 years
Table 8: Times for return on investment based on digester type, location and interest rates based on 
Illustration 22, page 78.
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Illustration 22: Return of investment calculated for solid dome 4 m3 biogas digesters  
and plastic tube digesters in Nhamatanda City and Beira. The different interest rates  
are 10 % for the purpose of illustration, 15% the interest of the National Bank of  
Mozambique (bancomoz.mz, b) and 23,57 % is the interest rate of commercial banks  
in Mozambique (BM, 2011).
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 2 Checklist for Interview and Farm Visit
– Introduce the project
– Start Interview
– Ask the farmer tell about his farm and household
– What is the size of the kitchen garden or fields?
– Which crops does the farmer have?
– Why does the household both have husbandry and agriculture?
– What does the household do with the dung and manure?
– Which animals does the household keep?
– Who many? Age and size
– How did the household acquire the animals?
– For how long have the household had the animals?
– What is the size of the family? (adults, children)
– How does the household cook? (Charcoal, fire wood, other)
– Why charcoal, fire wood or other?
– Does the household have other incomes than agriculture and husbandry?
– Which?
– Where does the household get water from?
– Ask if it is possible to get a guided tour
– Does the farm have a toilet or latrine ?
– How are the animals kept?
– Observe the social status of the household: Materials for the buildings, etc.
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 3 Map of Mozambique
Source: OCHA, 2010
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